Abstract-This paper describes the experimental verifcation of the linear transformation of the LHCP wave (left-hand circularly polarized) in a magnetoactive plasma, in which the electron density surpasses the critical value, i.e. oo2/w2 N 1 ; o is the frequency of the wave generating the plasma, coo is the plasma frequency. The study is carried out for magnetic fields satisfying the condition o& < 1 ; U,, is the electron cyciotron frequency.
INTRODUCTION
IT CAN be readily shown (GINZBURG, 1960) that three types of waves can exist in a magnetoactive plasma. The first two are transverse waves: the extraordinary wave usually denoted by index 1 and the ordinary wave denoted by index 2. The third is a longitudinal wave which propagates in a hot plasma only and is usually denoted by index 3.
The square of the refractive index of the transverse waves propagating at an angle a # 0 to a static magnetic field Bo in a cold homogeneous collisionless plasma can be written in the form:
The dispersion curves of these waves for vanishingly small a are plotted in Fig. 1 as a function of plasma density for coCe/co < 1. The dashed lines represent the dispersion curves for the waves propagating parallel to a static magnetic field Bo, i.e. a = 0. The vertical line at the point wo"/o" = 1 represents plasma oscillations.
The polarization of the transverse waves at 0: # 0 in the cold homogeneous collisionless plasma can be expressed in the form:
The extraordinary and ordinary wave polarizations as a function of the plasma density are shown in Fig. 2 (2) The extraordinary wave 1 has the same polarization for 02/02 > 1 as the ordinary wave 2 has for co,,2/02 < 1.
According to the theory we can expect that if plasma is generated by the left-hand circularly polarized wave (LMCP wave is the ordinary wave for small angle CI at o,2,/co2 < 1) and the plasma density increases, anomaious absorption of the LHCF wave caused by strong Landau damping will be observed when the plasma density N reaches the critical value i.e. o:/02 E 1. In consequence of this strong absorption of the LHCP wave a jump of N at o:/02 e 1 will occur.
DESCRIPTION O F THE EXPERIMENTAL DEVICE
The verification of the theory mentioned above was carried out on the device schematically shown in Fig. 3 (for detailed description see MUSIL and ZAEEK (1969) ). The plasma is generated in a homogeneous magnetic field by microwave power of about 3 kW at a frequency of 2350 MHz. The pulse length is 200 psec and the repetition rate 50 Hz. The polarization of the microwave signal can be changed continually by the angular position of the quarter-wave dielectric plate in the polarizer, i.e. by change of the angle U. The discharge tube is a glass cylinder with inner diameter 80 mm that is inserted about 15 cm into the circular waveguide. At the edge of the circular waveguide a diamagnetic coil and microwave interferometers (3 cm and 8 mm) are placed, so that it is possible to measure N and Tel. At the axis of the tube a shielded movable magnetic probe is placed which receives a 2350 MHz signal making it possible to observe the penetration of the microwave power from the magnetron along the axis into the plasma. The base pressure in the device is of the order of lo4 torr. The working pressure is 10-4-10-3 torr.
. LINEAR TRANSFORMATION O F LHCP WAVE
The linear transformation of the LHCP wave has been verified in hydrogen at a pressure of 1.5 x torr. The results of this measurement are given in Fig. 4 . The plasma density can be moderately varied by changing of the static magnetic field in the vicinity of ace. When the plasma density N approaches the cr5ca! vdiie iii:/w2 H 0.8 the jump of N caused by enhanced absorption of the LHCP wave, which was predicted by the theory, occurs. The somewhat lower value of w$/w2 N 0.8 for which the jump of N is observed can be explained by the radial density distribution as the values w,2/w2 were obtained from microwave interferometer measurements and so give a mean value through the plasma cylinder.
In Fig. 5 the dependences of the density of the plasma generated by a strong LHCP wave on the magnetic field (in the vicinity of electron cyclotron resonance) is given for different pressures of hydrogen. From this figure it may be seen that the density jump always occurs for w,,/w < 1 and for the same value of the density equal to w,2/w2 E! 1. For lower pressures the jump does not arise because the density is below critical. The strong change of the LHCP wave damping when the plasma density exceeds the critical value co,2/co2 'U 1 can be seen from Fig. 6 . Figure 6(a) shows properties of the plasma at co,,/co = 1.01 when the plasma density is lower than critical i.e. w,2/w2 < 1 ; Fig. 6(b) shows properties of the plasma at w,,/w = 0.94 when co,2/w2 > 1. In both figures three curves are displayed as a function of the time (1) the power of LHCP wave H t in the plasma (detected by the shielded magnetic probe placed on the axis 10 cm from the input end of the discharge tube), (2) electron density, (3) diamagnetic signal. If we compare these figures we see that the LHCP wave is fully zbsorbed when the plasma density surpasses the critical value co,2/co2 N 1. The damping of the wave along the axis of the discharge tube is shown in Fig. 7 for co,,/w = 1.01 and 0.96. This figure shows that the LHCP wave is fully absorbed in a thin layer some 2-3 cm in thickness at the beginning of the discharge tube for plasma density co,2/co2 zr: 1.
Furthermore, from Figs. 6(a) and 6(b) it may be seen that the strong damping of the wave is accompanied by a great increase of density and of the diamagnetic signal ?ITI. But the increase of nG, is a little smaller than the increase of the density, therefore the transverse electron temperature TeL decreases when the plasma density exceeds the critical value co,2/co2 N 1 (see Fig. 4 ).
According to the results given above we can suppose that the transformation of the LHCP wave takes place at the beginning of the discharge tube, i.e. at the place where the wave is incident upon an inhomogeneous profile of electron density N(z). The linear transformation can be explained as follows. If the plasma density has the critical value co,2/co2 'v 1 at some point z of the inhomogeneous electron density profile some part of the incident wave energy is transferred to plasma waves. The plasma waves can be excited only in such a point z. Since these plasma waves can only exist in the near vicinity of the point z with co,2/co2 = 1 they are quickly and strongly the plasma results in a strong increase of the plasma density. attenuated in the idi~mogeiieoii~ p h i i i~. The iianski of ilia wzx eiieigy into
THE STRONG DAMPING O F LHCP WAVE
At densities higher than the critical value co,2/co2 > 1 the dispersion curve n t corresponds to the LHCP wave, as seen in Fig. 2 . Therefore we may expect that if the plasma is produced by the LHCP wave and its density decreases to the critical value, the anomalous absorption of this wave caused by strong Landau damping will appear at the moment when the plasma density N reaches approximately the criticai value w,2/co2 'v 1. The mechanism of the wave damping is similar to the previous case. The dispersion curve of the extraordinary wave n : joins continually on to the dispersion curve of plasma waves n l in the close vicinity of the critical density w,2/co2 2 1. It is well-known that these plasma waves can exist in hot magnetoactive plasma only in the narrow regions where the refractive indices of the ordinary and the extraordinary cold-plasma waves are infinite. Therefore the energy of the extraordinary wave may be transformed into a plasma wave when the plasma density co,2/w2 > 1 decreases towards critical i.e. c o~/ c o 2 N 1 (see Fig. 1 ). In this case we move on the same dispersion curve iz?. The plasma waves excited at the point z with w,2/co2 M 1 are then strongly absorbed in plasma which is inhomogeneous in the z direction.
The experimental verification of this effect was carried out in argon. The results of the measurements are given in Fig. 8 . The density of plasma, generated by the strong LHCP wave, was varied by a change of the static magnetic field Bo in the vicinity of uc8. From Fig. 8 it may be seen that the density N decreases with decreasing field. At the moment when N reaches the critical value co,2/02 N 1 a density jump occurs as a consequence of the strong damping. For lower pressures the density jump arises at lower magnetic fields because of the slower decrease of density for lower pressures. However, it is a very important fact that the density jump always occurs at w,,/o < i as shown in the theory. When the plasma density reaches the critical vzlue w2/02 N 1 strong damping of the LHCP wave is observed.
. CONCLUSION
In this work the experimental verification of the linear transformation of LHCP wave has been given for a magnetic field such that o,,/co < 1. When the plasma density had achieved the critical value 02/03 N 1 strong damping of the LHCP wave and a jump in a plasma density were observed. These facts can explain successfully some experimental results given in work of ANISINOV et al. The study of the linear transformation at o,,/o > 1 will be published in the next paper.
